How costly is provisioning chicks and how fast should birds fly to do it? These are the questions Kyle Elliott and Anthony Gaston sought to answer by measuring the flight speeds of seabirds in the field. Over the past 30 or so years, numerous models have been developed to estimate the power requirements for flapping flight in birds. The models predict a U-shaped relationship between power requirements for flight and flight speed. From these models, the flight speeds requiring least power (V mp ) and giving maximum range (V mr ) can be calculated. From such models, R. Å. Norberg predicted in 1981 that birds feeding chicks should fly faster than V mr to maximise energy delivery to nestlings. Elliott and Gaston sought to test this hypothesis by making field measurements of flight speeds of Brünnich's guillemot and northern fulmar before and after their chicks had been hatched.
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Guillemot chicks fledge before completing growth, which has been suggested to be due to the inability of parents to maintain the cost of provisioning. By contrast, it is thought that fulmars are under time, rather than energy, constraints. Elliott and Gaston hypothesised that both species should fly faster during chick rearing than during incubation to maximise chick growth rates. By using infra-red distance-sensing binoculars, they were able to time birds of both species over a distance of 850 m on a flyway into the breeding colony. The velocities measured during inbound and outbound flights were assumed to be representative of those during entire foraging trips.
Guillemots were found not to differ in flight speed between incoming and outgoing flights and before and after their chicks hatched. By contrast, fulmars flew faster after their chicks hatched, and incoming flights were faster than outbound ones. guillemots, it seems, fly close to V mr while fulmars fly closer to V mp . Elliott and Gaston propose a number of explanations for possible causes of quantitative disagreement with predicted flight speeds. Fulmars have a 'flatter' power curve than guillemots, so it is metabolically less costly for them to adjust flight speed. Furthermore, patterns of weight loss, and hence prey-carrying capacity, differ between the two species. The fulmar may lose 15% of its mass when brooding compared with during incubation, compared with 5% in the guillemot. This mass change might lead to a predicted decrease in flight speed close to that observed. As the authors point out, however, their estimates of power are dependent upon the assumption that birds make their entire outbound and inbound flights at speeds similar to those recorded in their measurement area close to the colony. This paper demonstrates that quantifiable differences in flight speeds are observed in some species of bird in response to different demands of chick provisioning and demonstrates that field measurements can go some way to validating the predictions made concerning the tradeoffs between power requirements, range and velocity in seabirds. 
FOOD FOR THOUGHT
Many animals, including humans, devote considerable amounts of time to searching for a nutritious meal. Once food is found, it's a good idea to remember that spot so that the food can be exploited until it runs out. Some animals, like jays or squirrels, go to considerable lengths to cache food for future consumption, remembering the precise locations of food items for many weeks. For most animals, however, recalling the location of a food source is only important if they're hungry. It might be expected, therefore, that hunger could cause an animal to recall the memory of how to get to a particular food source; a bit like our hunger pangs inspiring us to remember the way to the fridge.
Ants use numerous cues, including visual and olfactory, to navigate around their environments and locate both their nests and food sources. One species, the wood ant Formica rufa, can learn the locations of particular visual landmarks and use these to navigate. This makes wood ants an ideal system to test whether the feeding state of an animal could induce visual memory recall that enables the animal to reach either a food source (if it's unfed) or its nest (if it's fed). Robert Harris, Tom Collett and co-workers in Sussex University, UK, decided to test wood ants to see the effect that feeding state had upon the insect's visual memory recall.
In the first experiment, the wood ants were trained to forage in the presence of a wall that was on their left as they walked to the foraging site and on their right when they returned home. So, when the ants walked towards food, they saw the wall with their left eye but when they returned they saw it with their right eye. To test whether their feeding state could induce the recall of a different visual memory (wall seen by the left or right eye), ants were placed midway along the wall. Those that hadn't fed walked towards food, seeing the wall with their left eye just like an ant leaving the nest to get food, but those that had fed headed for home with the wall on their right. To check whether the ants had learnt fixed motor patterns, fed and unfed ants were placed midway between two parallel walls. The unfed ants walked along one of the walls keeping the wall always on the left, a strategy that should lead them to food, whereas the fed ants adopted the opposite strategy, which should lead them home.
In a second experiment the wood ants were tested in a 'Y' maze with two arms, one of which led to home and the other to food. The two arms were marked by different visual patterns. The patterns were switched between the two arms, allowing Harris and his co-workers to separate the visual pattern that the ants chose from the exact route that they took. The wood ants learnt to choose the visual pattern leading to home or food depending on whether they were fed or unfed, respectively. After training, even when the ants weren't rewarded, the unfed ants chose the visual pattern that should lead to food whereas the fed ants chose the pattern that led towards home.
These experiments provide strong evidence that the feeding state of an ant can contribute to it choosing between alternative paths leading to different goals. In the wood ant, these paths must be visually discriminated, suggesting that feeding state is capable of altering which visual memories are acted upon. However, many questions remain about this system. It would be interesting to know whether ants can learn and select between food sources with different nutritional qualities such as carbohydrate and protein. Other insects can certainly adjust their intake of different nutrients. Another issue that is outstanding is the actual mechanism that assesses feeding state and affects the recall of different memories -both mechanosensory feedback from the gut and feedback from energy stores (such as the fat body) could play important roles. With so many intriguing questions to be answered, studies on the wood ant are certain to continue to provide insights into the recall and use of memories. 
JAWS OF LIFE
If Charles Darwin had visited the African rift lakes instead of the Galapagos when he was developing his theory of biological evolution, we might now refer to the myriad species of cichlid fishes there as 'Darwin's Fishes'. Like the finches of the Galapagos, African cichlids are a diverse group that has evolved fairly recently from a common ancestor, and they have been remarkably creative in the ways that they have carved up the adaptive landscape with regard to feeding. The diversity of feeding styles among cichlids includes algal scrapers, plankton eaters, fish eaters and even a group that makes a living eating fish scales. Not surprisingly, these groups exhibit dramatic differences in the functional morphology of their jaws, just as Darwin's finches differ conspicuously in the size and shape of their beaks.
The power output of the jaws is a product of the force they exert and their velocity of opening and closing. Because the muscle power available for moving the jaws is limited, species that favor biting force do so at the expense of biting velocity. Similarly, suction feeders that require their jaws to open and close at high velocity are not able to close their jaws with much force. This evolutionary trade-off can be neatly summed up by a quantitative trait called the 'mechanical advantage,' with strong biters and fast suckers having high and low values of this trait, respectively. Although the functional morphology of this system is now well understood, its genetic and molecular underpinnings have been less certain.
In a recent paper, R. Craig Albertson and colleagues report findings that shed new light on the mechanisms involved in these adaptive radiation events in cichlids. To find out more about the genes involved, they conducted a genetic linkage study
JAW MORPHOLOGY FEEDING STATE

THE JOURNAL OF EXPERIMENTAL BIOLOGY
Outside JEB vi
THE HEAT ASSOCIATED WITH EATING MEAT
Physiologists have long been aware that body mass is the main determinant of basal metabolic rate (BMR) where BMR is the minimum metabolic rate of post-absorptive inactive endotherms in their rest phase and in a thermal neutral zone. Physiologists also realised that BMR scales as a power function of body mass. However, there has been much debate about the other factors that account for BMR variation in different species with the same body mass. Diet and phylogenetic history have received the most attention as factors thought to explain this variation although, their relative importance has been controversial as different statistical methods and selection techniques have been used to categorize the animals. Agustí Muñoz-Garcia and Joseph Williams of The Ohio State University set out to put an end to the controversy. They stringently compiled data for BMR, diet and home range size (a proxy for activity level) of 58 species of carnivores and tested the hypothesis that BMR is associated with home range size and diet using both of the two statistical methods employed in previous studies to determine if a correlation exists between BMR and a factor of interest.
The team applied conventional leastsquares regression (CLSR), which does not include phylogeny in its analysis, and phylogenetic independent contrasts (PIC), which does include phylogeny in its analysis, to test for a correlation. Analysing the results, the team found that, regardless of the statistical method they used, exclusive meat-eaters had larger home ranges and higher BMRs than carnivores that included vegetation in their diet. In this way, the team successfully eliminated the dissonance between previous studies that had used only one or other statistical test and convincingly showed that BMR is strongly correlated with home range size and diet; namely, the proportion of meat in the diet.
In an attempt to explain why metabolism is elevated in carnivore species that eat entirely meat compared with those that do not, Muñoz-Garcia and Williams advance a novel, plausible and testable biochemical 'muscle performance' hypothesis that provides a possible scenario of how natural selection acts to modify the physiology of carnivores. Muñoz-Garcia and Williams suggest that BMR is elevated in exclusive meat-eating carnivores because natural selection has designed their muscle structure for endurance.
Muñoz-Garcia and Williams reason that vertebrate-eating carnivores will have a higher proportion of endurance fibers with high densities of mitochondria in their muscles since muscle tissue is the primary determinant of total oxygen consumption, accounting for 35% of BMR. Natural selection should have maximized muscle movement efficiency in exclusive meateating species because foraging for vertebrate prey requires movement over larger home ranges; highly efficient endurance muscles should have a higher density of mitochondria compared with other muscle fiber types and, as such, have an elevated oxygen consumption. The team argues that the potentially higher proportion of endurance muscles, with their high oxygen demand, in solely meat-eating carnivores accounts for the elevated BMR in these species compared with carnivore species that are partially vegetarian and enthusiastically invites the rest of us to test their predictions. using two wild cichlid species, one an algal scraper (with high mechanical advantage jaws) and one a more typical suction feeder (with lower mechanical advantage jaws). By hybridizing these two species in two generations of crosses, they were able to identify candidate genes that correlate with differences in mechanical advantage. One of the genes that correlated with the mechanical advantage of jaw closing is bmp4 (or 'bone morphogenetic protein'), which had previously been identified as an important player in vertebrate craniofacial development.
The researchers probed further by examining bmp4 expression in developing embryos and found that in those regions giving rise to the jaws, the timing and magnitude of bmp4 expression differed markedly between the strong biters and the fast biters. While these data further supported the link between bmp4 and mechanical advantage, the evidence was still circumstantial. Demonstrating a causal relationship required manipulating bmp4 expression and measuring the effects on the mechanical advantage of the jaws. For these experiments, they turned to the zebrafish model. Indeed, by overexpressing bmp4 in developing zebrafish embryos, they were able to effect profound changes in jaw morphology and mechanical advantage, which confirms bmp4 as a central player in the development and evolution of jaw morphology, especially with regard to mechanical advantage. Interestingly, other studies suggest that changes in the sequence and expression of bmp4 were probably important in the adaptive radiation of several other vertebrate groups, including, you guessed it, Darwin's finches. This question must have occurred to everyone at some time or another. Of course, there are lots of ways; many plant and fungal poisons target animal-specific proteins; others are stored in inactive forms until release. But a whole host of exquisitely deadly animal toxins have the potential to act against their hosts, and here it may be necessary to invoke co-evolution of resistance. A perfect example of this is found in the pufferfish genera Takifugu and Tetraodon. Their poison, tetrodotoxin (TTX), binds very specifically to the mouth of the voltage-gated sodium channel, the key protein of nerve and muscle that is essential for action potentials and thus the functioning of the nervous system. We know that TTX is fantastically deadly: this is because pufferfish is a prized sushi delicacy in Japan. Chefs licensed to serve fugu need detailed knowledge of fish anatomy, as some parts (particularly the liver and ovaries) are particularly poisonous. This in turn makes 'official' fugu sushi so expensive that many Japanese try the do-it-yourself option, resulting in several fatalities per year.
Given that the toxicity of TTX is established by human misadventure, and that its target is a very highly conserved protein family, how do pufferfish escape their own poison?
Previous work in one species had identified an unusual aromatic amino acid substitution in the first of the four transmembrane domains of a particular sodium channel, Na v 1.4, but had not demonstrated that this actually made the protein resistant to the toxin. Byrappa Venkatesh and co-workers from the newly opened Singapore biotech company 'Biopolis' took these findings further, with parallel physiological and comparative genetic approaches.
The results were simple, but clear; they data-mined the homologous channel genes from the genome projects of related pufferfish representatives of both genera, Takifugu rubiripes and Tetraodon nigroviridis, and compared them with zebrafish and human. Compared with humans, there were two orthologous Na v 1.4 channels, consistent with a wholegenome duplication event early in the evolution of ray-finned fishes. If the pufferfish were protected by sodium channel mutations, they were likely to be in one or both of these channels. Again, in both pufferfish species, mutations were found in the highly conserved pore loop of domain I (which forms the entrance to the sodium channel) in both copies of Na v 1.4. However, not all changes are functionally significant, so it was necessary to prove that these alterations really did confer resistance to TTX. Accordingly, the corresponding amino acids were altered in a mammalian (rat) channel gene, expressed in cultured cells and their electrophysiological properties compared with the normal channel by whole-cell patch clamp analysis. Whereas sodium current through the rat channel was completely blocked by 1·mol·l -1 TTX, even 100·mol·l -1 TTX achieved only a 55% block of the mutant channels. In fact, altering tyrosine 401 to either cysteine or asparagine (as found in pufferfish) increased the K d for TTX binding by 2000-2500-fold.
So pufferfish sodium channels are resistant to TTX -but why? This is a necessary adaptation, because pufferfish do not make their own TTX but obtain it from microorganisms in their diet, and so must resist ingestion better than humans. The authors outline three intriguing possibilities. Firstly, resistant channels allow pufferfish to eat diets that are toxic to other animals, thus giving them a unique ecological niche. Secondly, accumulating this TTX protects pufferfish from predation. Thirdly, consistent with very high levels of TTX in the ovary, males are actually attracted by very low concentrations of TTX in seawater. So TTX may actually act as a mating pheromone for pufferfish!
